The topological insulators represent a unique state of matter where the bulk is insulating with an energy gap while the surface is metallic with a Dirac cone protected by the time reversal symmetry [1] [2] [3] [4] [5] . These characteristics provide a venue to explore novel quantum phenomena in fundamental physics [6] [7] [8] [9] [10] and show potential applications in spintronics and quantum computing[2, 5, 11] . One critical issue directly related with the applications as well as the fundamental studies is how the topological surface state will behave under ambient conditions (1 atmosphere air and room temperature). In this paper, we report high resolution angle-resolved photoemission measurements on the surface state of the prototypical topological insulators, Bi 2 Se 3 , Bi 2 Te 3 and Bi 2 (Se 0. 4 Te 2.6 ), upon exposing to ambient conditions. We find that the topological order persists even when the surface is exposed to air at room temperature. However, the surface state is strongly modified after such an exposure. Particularly, we have observed the formation of two-dimensional quantum well states near the surface of the topological insulators after the exposure which depends sensitively on the original composition, x, in Bi 2 (Se 3−x Te x ). These rich information are crucial in utilizing the surface state and in probing its physical properties under ambient conditions.
The angle-resolved photoemission spectroscopy (ARPES) is a powerful experimental tool to directly identify and characterize topological insulators [12] . A number of threedimensional topological insulators have been theoretically predicted and experimentally identified by ARPES [13] [14] [15] [16] [17] [18] ; some of their peculiar properties have been revealed by scanning tunneling microscopy (STM) [19] [20] [21] [22] [23] . The application of the topological surface states depends on the surface engineering that can be manipulated by incorporation of nonmagnetic [24] [25] [26] [27] or magnetic [24, [27] [28] [29] impurities or gas adsorptions [24, [29] [30] [31] . While the ARPES and STM measurements usually involve the fresh surface obtained by cleaving samples in situ under ultra-high vacuum, for the transport measurements which are widely used to investigate the intrinsic quantum behaviors of the topological surface state [32] [33] [34] [35] , and particularly the ultimate utilizations of the topological insulators, the surface may be exposed to ambient conditions (1 atmosphere air and room temperature) or some gas protection environment. It is therefore crucial to investigate whether the topological order can survive under the ambient conditions, and furthermore, whether and how the surface state 2 may be modified after such exposures.
We start by first looking at the electronic structure of the prototypical topological insulators Bi 2 (Se,Te) 3 under ultra-high vacuum. The Fermi surface and the band structure of the Bi 2 (Se 3−x Te x ) topological insulators depend sensitively on the composition, x, as shown in Fig. 1 . The single crystal samples here were all cleaved in situ and measured at 30 K in an ultra-high vacuum (UHV) chamber with a base pressure better than 5 × 10 −11 Torr.
For Bi 2 Se 3 , a clear Dirac cone appears near -0.36 eV (Figs. 1d and 1e) ; the corresponding Fermi surface (Fig. 1a) is nearly circular but with a clear hexagon-shape in the measured data [36] . It is apparently of n-type because the Fermi level intersects with the bulk con- (Fig. 1b) . It is interesting to note that the hexagon-shape of Bi 2 (Se 0.4 Te 2.6 ) (Fig. 1b) is rather pronounced, although its Fermi surface size is smaller than that of Bi 2 Se 3 (Fig. 1a) . The hexagonally-shaped Fermi surface observed in the topological surface states reflects the hybridization of surface electronic states with the bulk states and can be theoretically explained by considering the higher order terms in the k · p
Hamiltonian [38] .
In order to directly examine how the topological surface state behaves under ambient conditions in the topological insulators, we carried out our ARPES measurements in different ways.
(1). We first cleaved the sample in situ and performed ARPES measurement in the ultra-high vacuum (UHV) chamber. The sample was then pulled out to another chamber filled with 1 atmosphere N 2 gas, exposed for about 5 minutes, before transferring back to the UHV chamber to do ARPES measurements; (2). We cleaved and measured the sample in the UHV chamber, and then pulled the sample out to air for 5 minutes before transferring back to the UHV chamber for the ARPES measurements; (3). We cleaved the sample in air and then transferred it to the UHV chamber to do the ARPES measurement. Our measurements show that the above procedures of exposure to air or N 2 produce similar and reproducible results for a given sample. Fermi surface size increase, an obvious change occurs in the Fermi surface shape that the hexagon-shape becomes much more pronounced in the exposed surface (Fig. 2d) than that in the fresh sample (Fig. 1a) . For Bi 2 (Se 0.4 Te 2.6 ), one clearly observes the much-enhanced warping effect in the exposed surface (Fig. 3c ) when compared with the nearly standard hexagon in the fresh surface (Fig. 1b) . The most dramatic change occurs for Bi 2 Te 3 where not only the Fermi surface size increases significantly, but also the warping effect in the exposed surface (Fig. 4i) (Fig. 2) , it remains rather strong for Bi 2 (Se 0.4 Te 2.6 ) (Fig. 3) and Bi 2 Te 3 (Fig. 4) . This is in a stark contrast to the conventional trivial surface state where minor surface contamination will cause the extinction of the surface state [39] . The robustness of the topological order to Coulomb, magnetic and disorder perturbations has been reported before [29, 30] . Our present observations directly demonstrate the robustness of the topological order against absorption and thermal process under ambient conditions due to the protection of the time-reversal symmetry [3, 4] . The formation of the split bands in the exposed surface of the topological insulators is reminiscent of the quantum well states observed in the quantum confined systems [40] and in some topological insulators [25-27, 31, 41, 42] . There are a couple of possibilities that the quantum well states may be formed. One usual way is due to band bending effect.
As mentioned before, the surface exposure to air or N 2 causes an electron transfer to the surface of the topological insulators. The accumulation of these additional electrons near the surface would lead to a downward bending of the bulk bands near the surface region, as schematically shown in Fig. 3d , resulting in a "V"-shaped potential well where the bulk conduction band of electrons can be confined. This picture, as proposed before [25, 41] (Fig. 4) topological insulators on the same
footing. An alternative scenario is the expansion of van der Waals spacings in between the quintuple layers (QLs) caused by the intercalation of gases [43] . The observation of multiple split bands with different spacings would ask for multiple van der Waals gaps with different expansions. Whether and how these can be realized in the exposed surface remains to be investigated. We note that our observations of multiple split bands are similar to those seen in the ultra-thin films of Bi 2 Se 3 [44] and Bi 2 Te 3 [45] . From our first principle band structure calculations on Bi 2 Te 3 with different number of quintuple layers, we also find that a detached slab with a thickness of 7 quintuple layers can give a rather consistent description ( and calculated results. These seem to suggest that a "confined surface slab" with nearly 7 quintuple layers may be formed after the exposure that acts more or less independently from the bulk. More work needs to be done to further investigate whether such a confined surface slab can be thermodynamically stable. Overall, the formation of the two-dimensional quantum well states is a general phenomenon for the exposed surface of the Bi 2 (Se 3−x Te x ) topological insulators; the effect depends sensitively on the composition x of the samples which may facilitate manipulation of these quantum well states.
The present work has significant implications on the fundamental study and ultimate applications of the topological insulators. Many experimental measurements, such as some transport measurements, involve samples exposed to ambient conditions. The practical applications may involve sample surface either exposed to ambient condition, or be in contact with other magnetic or superconducting materials. On the one hand, the robustness of the topological order under ambient conditions sends a good signal for these experimental characterization and practical utilizations. The formation of the quantum well states may give rise to new phenomena to be studied and utilized. The sensitivity of the surface state to the Bi 2 (Se 3−x Te x ) composition provides a handle to manipulate these quantum states.
On the other hand, the strong modification of the electronic structure and the formation of additional quantum well states in the exposed surface have to be considered seriously in interpreting experimental data and in surface engineering. It is critical to realize before hand that the surface under study or to be utilized may exhibit totally different behaviors as those from the fresh surface cleaved in ultra-high vacuum. In addition to the alteration of electronic states upon exposure, the transport properties of the topological surface state may be further complicated by the formation of quantum well states.
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METHODS
Crystal growth methods Single crystals of Bi 2 (Se 3−x T e x ) (x=0, 2.6 and 3) were grown by the self-flux method. Bismuth, selenium and tellurium powders were weighed according to the stoichiometric Bi 2 (Se 3−x T e x ) (x=0, 2.6 and 3) composition. After mixing thoroughly, the powder was placed in alumina crucibles and sealed in a quartz tube under vacuum. The materials were heated to 1000
• C, held for 12 hours to obtain a high degree of mixing, and then slowly cooled down to 500
• C over 100 hours before cooling to room temperature. Single crystals of several millimeters in size were obtained. The crystal structure of the resulting crystals was examined by use of a rotating anode x-ray diffractometer with Cu K α radiation (λ = 1.5418Å). The chemical composition of the crystals was analyzed by the energy dispersive X-ray spectroscopy (EDAX) and the induction-coupled plasma atomic emission spectroscopy (ICP-AES). The resistivity of the crystals was measured by the standard fourprobe method.
Laser-ARPES methods.
The angle-resolved photoemission measurements were carried out on our vacuum ultra-violet (VUV) laser-based angle-resolved photoemission system [46] . The photon energy of the laser is 6.994 eV with a bandwidth of 0.26 meV.
The energy resolution of the electron energy analyzer (Scienta R4000) is set at 1 meV, giving rise to an overall energy resolution of ∼1 meV which is significantly improved from 10∼15 meV from regular synchrotron radiation systems [15, 16] . The angular resolution is
∼0.3
• , corresponding to a momentum resolution ∼0.004Å 
